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Propane-1 ,3-diaminium bis(tetraf luoro- 
borate)-18-crown-6 (1/2) 



P = 113.41 (3)° 
V = 3867.8 (16) A 3 
Z = 4 

Mo Ka radiation 

Data collection 

Rigaku Mercury2 diffractometer 
Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2005) 
T min = 0.910, 7/ max = 1.000 



fi = 0.12 mm 

T = 298 K 

0.10 x 0.05 x 0.05 mm 



16100 measured reflections 
3413 independent reflections 
2018 reflections with / > 2er(7) 
R inl = 0.079 



Min-Min Zhao 



Refinement 

R[F 2 > 2a(F 2 )} = 0.077 37 restraints 

wR(F 2 ) = 0.212 H-atom parameters constrained 

S = 1.13 Ap max = 0.31 e A; 3 

3413 reflections Ap min = -0.23 e A~ 3 

268 parameters 
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Key indicators: single-crystal X-ray study; T = 298 K; mean ct(C-C) = 0.007 A; 
disorder in solvent or counterion; R factor = 0.077; wR factor = 0.212; data-to- 
parameter ratio = 12.7. 

In the title compound, C 3 H 12 N 2 2+ -2BF4~-2C 12 H 24 0 6 , the 
central C atom of the propane-1, 3-diammonium cation lies 
on a crystallographic twofold rotation axis. The terminal NH 3 + 
groups insert into the crown rings through strong N— H- ■ O 
hydrogen-bonding interactions, resulting in the formation of a 
1:2 supramolecular [(C 3 H 12 N 2 )-(C 12 H 24 0 6 ) 2 ] 2+ complex. The 
anions are linked to the supramolecular complexes via weak 
C— H- ■ F hydrogen bonds. The F atoms of the anion are 
disordered over two orientations with site occupancies of 0.5. 

Related literature 

For the structures and properties of a related compounds, see: 
Fu et al. (2011); Zhao (2012) and references therein. 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H- ■ A 


D -A 


D-H-A 


N1-H1B-02 


0.89 


2.06 


2.915 (3) 


161 


N1-HL4- 04 


0.89 


2.03 


2.911 (4) 


169 


N1-H1C- 06 


0.89 


2.08 


2.967 (4) 


179 


C12-H12B- ■ F4' 


0.97 


2.48 


3.316 (19) 


144 


C13-H13A--F2 


0.97 


2.47 


3.346 (12) 


150 


C13— H13A- ■ F2' 


0.97 


2.42 


3.361 (16) 


162 


C5-H5A- ■ F3" 


0.97 


2.41 


3.350 (18) 


162 


C10-H10B- ■ Fl'" 


0.97 


2.41 


3.355 (17) 


166 


C10— mOB- ■ F2'" 


0.97 


2.44 


3.235 (19) 


139 


C8-H8/1- ■ -F3™ 


0.97 


2.50 


3.412 (14) 


156 


Symmetry codes: fi) 


-x, y, -z + 1; (ii) x, 


y + l,z;(iii) 


—x, y + 1, — z + \. 





Data collection: CrystalClear (Rigaku, 2005); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 



b H 3 1v-^-(CH 2 )3-^-NIi3 O (BF 4 ) 2 



Experimental 

Crystal data 

C 3 H 12 N 2 2+ .2BF 4 --2C 12 H 2 40 6 
M, = 778.39 
Monoclinic, C2/c 



a = 22.615 (5) A 
b = 8.8423 (18) A 
c = 21.077 (4) A 



This work was supported by a start-up grant from Southeast 
University, People's Republic of China. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RZ2697). 
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Acta Cryst. (2012). E68, o444 [ doi:10.1107/S1600536812001572 ] 
Propane-l,3-diaminium bis(tetrafluoroborate)-18-crown-6 (1/2) 
M.-M. Zhao 

Comment 

As a continuation of the research project devoted to the synthesis and characterization of novel phase transition crystals of 
amino compounds (Zhao, 2012), the crystal structure of the title compound is reported herein. 

2+ 

The title compound is composed of [(C3Hi2N2).(Ci2H2406)2] cations andBF4~ anions (Fig. 1). A 1:2 supramolecular 
rotator-stator structure is generated between one propane- 1, 3 -diammonium dication and two 18-crown-6 molecules through 
six N — H - 0 hydrogen bonds (Table 1) occurring between the protons of the NH3 + groups and the O atoms of the crown 
ethers. The supramolecular rotator has crystallographically imposed twofold rotation symmetry, the central C atom of the 
propane-l,3-diammonium cation lying on a crystallographic twofold rotation axis. The macrocycle adopts a conformation 
with approximate symmetry, with all O-C-C-0 torsion angles being gauche and alternating in sign, and all C-O-C-C 
torsion angles being trans. The C-N bonds of the cation are almost perpendicular to the mean planes of the oxygen atoms 
of the crown ethers. The supramolecular structure is introduced as counter cation to BF4" anions. The B atom has a flattened 
tetrahedral coordination geometry provided by four F atoms [range of c/s-bond angles = 121.6 (5)-89.1 (9) °; dav(F-B) = 
1.226 (9)-1.445 (9)A]. All F atoms of the BF4" anion are disordered over two orientations. In the crystal structure (Fig. 2), 
cations and anions are linked by weak interionic C — H—F hydrogen bonds (Table 1). 

Experimental 

Commercial 18-crown-6 (6 mmol), HBF4 (6 mmol) and propane-l,3-diamine (3 mmol) were dissolved in a water/EtOH 
(1:1 v/v) solution. The solvent was slowly evaporated in air affording colourless block-shaped crystals of the title compound 
suitable for X-ray analysis. 

The dielectric constant of the title compound as a function of temperature indicates that the permittivity is basically 
temperature-independent, suggesting that this compound should be not a real ferroelectrics or there may be no distinct phase 
transition occurred within the measured temperature range. Similarly, below the melting point (412 K) of the compound, the 
dielectric constant as a function of temperature also goes smoothly, and there is no dielectric anomaly observed (dielectric 
constant ranging from 4.5 to 8.8). 

Refinement 

All H atoms attached to C atoms were fixed geometrically and treated as riding with 0.97 A and Ui so (H) = 1.2(7 ei? (C). The 
positional parameters of the N-bound H atoms were intially refined freely, subsequently they were restrained using a N-H 
distance of 0.89 (2) A, and in the final refinements treated as riding with Uj so (H.) = 1.5(7 e(? (N). All F atoms were disordered 
over two sites with occupancies of 0.5, and were refined anisotropically using ADP restraints (SIMU and DELU). 
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Figures 




Fig. 1. The structure of the title compound with displacement ellipsoids drawn at the 30% 
probability level. Only H atoms of the NH3 + groups are shown. Symmetry code: (A) -x, +y, 1/ 
2-z. 



Fig. 2. Crystal packing of the title compound approximately viewed along the b axis. Only 
hydrogen atoms involved in N — H - O hydrogen bonds (dashed line) are shown. 



Propane-1,3-diaminium bis(tetrafluoroborate)-1 8-crown-6 (1/2) 



Crystal data 

C3Hi2N2 2+ -2BF4--2C 12 H240 6 
M,-= 778.39 

Monoclinic, C2/c 
Hall symbol: -C 2yc 
a = 22.615 (5) A 
6 = 8.8423 (18) A 
c = 21.077 (4) A 
(3= 113.41 (3)° 

V= 3867.8 (16) A 3 
Z=4 



F(000) = 1656 

D x = 1.337 MgnT 3 
Mo radiation, X = 0.71073 A 
Cell parameters from 3410 reflections 
6 = 2.9-27.5° 

|i = 0.12 mm 1 
7=298K 
Block, colourless 
0.10 x 0.05 x 0.05 mm 



Data collection 



Rigaku Mercury2 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 13.6612 pixels mm" 1 
CCD profile fitting scans 
Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2005) 

r min = o.9io, r max = l.ooo 

16100 measured reflections 



3413 independent reflections 

201 8 reflections with / > 2a(7) 
0.079 

©max = 25.0°, 0 m i n = 3.0° 

h = -26~*26 
>t = 10-^10 
/ = -25->25 



Refinement 

2 Primary atom site location: structure-invariant direct 

Refinement on F methods 
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Least-squares matrix: full 
R[F 2 > 2o(F 2 )} = 0.077 
wR(F 2 ) = 0.212 
S= 1.13 

3413 reflections 
268 parameters 
37 restraints 



Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = 1/[0 2 (F O 2 ) + (0.080P) 2 + 3.2068P] 
where P = (F a 2 + 2F 2 )/3 
(A/0) max < 0.001 



= 0.31 e. 



Ap m in = -0.23 e A 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 

cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 

in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 

for estimating esds involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al R-factors R are based on F, with F set to zero for negative F . The threshold expression of F > 2sigma(F ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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0.15021 (11) 
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0.12991 (13) 


0.0650 (7) 
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0.10547 (11) 


0.9201 (3) 


0.23703 (13) 


0.0433 (7) 
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0.0918 


0.9641 


0.1957 
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H1B 


0.1379 


0.8578 


0.2419 
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Ol 
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0.37179 (12) 


0.0646 (7) 
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0.09880 (15) 
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1.2567 (3) 
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0.0953 (18) 
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Atomic displacement parameters (A 2 ) 
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C2 0.048(2) 0.066(2) 0.071 

C3 0.074 (3) 0.045 (2) 0.092 

C6 0.069 (3) 0.125 (4) 0.045 

CI 0.068 (3) 0.074 (3) 0.057 

C7 0.059 (3) 0.097 (4) 0.088 

C5 0.069 (3) 0.112 (4) 0.044 

CIO 0.113 (4) 0.065 (3) 0.144 

C4 0.078 (3) 0.072 (3) 0.081 

Cll 0.099 (3) 0.111 (4) 0.069 

C9 0.100 (4) 0.046 (2) 0.183 

C8 0.066 (3) 0.071 (3) 0.160 

C12 0.087 (3) 0.108 (4) 0.062 
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C14 0.038 (2) 0.038 (2) 0.059 

C13 0.0443 (18) 0.0430 (18) 0.084 
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F3 0.155 (12) 0.100 (6) 0.111 

F4 0.178 (8) 0.075 (4) 0.099 
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Fl' 0.347 (17) 0.195 (9) 0.148 

F2' 0.168 (14) 0.252 (14) 0.091 

F3' 0.094 (7) 0.203 (15) 0.246 

F4' 0.227 (13) 0.193 (9) 0.198 



Geometric parameters (A, °) 
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Symmetry codes: (i) -x,y, -z+1/2. 














Hydrogen-bond geometry (A, °) 














r\ ii ( 

iJ ti'"A 


— hi 




H-A 




D'"A 


ri ii ( 

D — ri"'A 


IN 1 1 1 1 D \J — 






2.06 




1 Q1 ^ ("?^ 
Z.y 1 J yj ) 


1 ^ 


Nl— H1A-04 


0.89 




2.03 




2.911 (4) 


169. 


Nl— H1C-06 


0.89 




2.08 




2.967 (4) 


179. 


C12— H12B-F4' 


0.97 




2.48 




3.316 (19) 


144 


CI 3— H13A-F2 


0.97 




2.47 




3.346 (12) 


150 


C13— H13A-F2' 


0.97 




2.42 




3.361 (16) 


162 


C5— H5A-F3'" 


0.97 




2.41 




3.350 (18) 


162 


CIO— H10B-Fl' m 


0.97 




2.41 




3.355 (17) 


166 


CIO— H10B-F2' m 


0.97 




2.44 




3.235 (19) 


139 


C8— H8A-F3' iv 


0.97 




2.50 




3.412 (14) 


156. 



Symmetry codes: (ii) -x, y, -z+1/2; (iii) x,y+l, z; (iv) -x, y+l, -z+1/2. 
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